Purpose: To evaluate the influence of subcutaneous injection nicotine in osseointegration process on different implant surfaces. Methods: Twenty-two male rabbits were distributed into two groups according to the subcutaneous injections: (1) nicotine 3 mg/day/kg and (2) 0.9 % NaCI 3 mL/day/kg, three times a day; subgroups were then designated-machined and anodized implants were placed in the right and left tibia bones, respectively. The animals were submitted euthanasia after periods of eight weeks to determine nicotine and cotinine levels, alkaline phosphatase and biomechanical analysis. Results: The plasmatic levels of nicotine and cotinine were 0.5 ± 0.28 ng/mL and 9.5 ± 6.51 ng/mL, respectively. The alkaline phosphatase analyses in blood levels in control group were observed 40.8 ± 11.88 UI/L and 40.75 ± 12.46 UI/L, for the surfaces machined and anodized, respectively. In the test group was observed levels 37.9 ± 4.84 UI/L, for both implant surfaces. No significant differences were observed between control and test groups and between the implant surfaces regarding alkaline phosphatase blood levels. For biomechanics, no significant differences were observed in control group between the machined (25±8.46 Ncm) or anodized (31.2 ± 6.76 Ncm) implants. However, the treatment with nicotine induced higher torque than control in both machined (38.3 ± 13.52 Ncm) and anodized (35.5 ± 14.17 Ncm) implants, with p = 0.0024 and p = 0.0121, respectively. Conclusion: Subcutaneous injection of nicotine following implant insertion didn't have effect on osseointegration, independently from the implant surface.
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PhD, Full Professor, Department of Dentistry, UPF, Passo Fundo-RS, Brazil. Statistical analysis, final approval. and Wennerberg 8 asserted that "moderately rough" implants (for example, 1.0 -2.0 µm) tend to show better clinical results than the machined type.
Surface-modified implants, obtained with additive and subtractive techniques, such as oxidizing, airborne particle abrasion, acid etching and combinations of these techniques have been developed 9 . According to Zhu et al. 10 modified surfaces improve biocompatibility, increase cellular adhesion and proliferation. Studies by Rocci et al. 5 and Bahat 11 have indicated that modifications of the surface and macro design of the implant are particularly important for its longevity.
Previous reports have demonstrated that a higher and faster extension of bone formation occurs more on oxidized implants than on machined implant surfaces, when measured with removal torque tests and histomorphometry 12 . Albrektsson et al. 13 found that oxidizes titanium implants showed more bone-implant contact than in the anodized implants and higher removal torque values than in machined implants after 6 weeks in New Zealand white rabbits.
The present study observed the effect of low dose of nicotine in osseointegration of two implants of the same design, with two different types of surface topographies, i.e., machined and oxidized surfaces.
■ Methods
The study was reviewed and approved by the Ethics Committee of Universidade de Passo Fundo (#535/2006). Twenty-two (n = 44 tibia) adult male New Zealand white rabbits (Oryctolagus cuniculus) weighing 3.5 to 4.0 kg, aged 8 to 10 months were used. All rabbits were housed in animal facilities at 25 °C, in 12-hour light: dark cycles. Throughout the experimental period, the rabbits were housed in individual plastic
■ Introduction
Failure to achieve osseointegration of dental implants has been related to several factors, such as poor bone quality and smoking. The addictive element in tobacco, nicotine, has been shown to be of the highest importance when understanding the negative effects of smoking on bones 1 . The specific mechanism of action that nicotine plays specifically on the activity of osteoblasts and osteoclasts is still unknown. Studies have isolated nicotine as their exposure agent and assessed its effect of dental implants have found no significant difference in osseointegration between animals with or without exposure to nicotine 2 . Therefore, it is hypothesized that nicotine, by itself is not able to interfere with the bone healing around titanium implants.
Nicotine interferes in the wound healing by causing direct cutaneous vasoconstriction, increasing levels of fibrinogen, hemoglobin and blood viscosity, impairing cellular protein synthesis and the adherence of gingival fibroblasts 3 . It has been also demonstrated that nicotine may have beneficial anti-inflammatory effects, which may reduce the symptoms of other systemic inflammatory diseases, such as ulcerative colitis 4 . One possible solution to smoker patients could be changing the dental implant surface, in order to enhance bone response and thus, improve the clinical success rate, The use of implants with microtopography changed surface could benefit patients with risk factors such as smoking [5] [6] . Results of clinical studies with short-length and machined-polished dental implants (Branemark ® Type) showed that failure rates were higher, particularly when the implants were inserted into trabecular bone 7 . For this reason, implants with a rough structure are now preferred and Branemark ® implants have also been modified to include a rough surface (Ti-Unite ® Surface). Albrektsson
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cages, and a normal chow diet and water were provided ad libitum. The animals were randomly distributed into two groups: * Control Group -animals received subcutaneous injection of 0.9 % NaCI mL/Kg/day, (Sodium chloride 0.9 % ® , Darrow, Rio de Janeiro, RJ, Brazil) three times a day (n = 22). *Test Group -animals received subcutaneous injections of nicotine (nicotine hydrogen tartrate salt 98 %, Sigma-Aldrich, Copenhagen, Denmark A/S) 3 mg/kg/day, three times a day (n = 22). Nicotine and SF injections were made until the end of the 8-week after surgical procedure.
14 These were then each divided into two subgroups -machined and anodized dental implants -corresponding to dental implant used, respectively ( Figure 1 ). 
Surgical procedure
The animals received atropine (0.50 mg -0.44 mg/kg/i.p.) (Sulfato de Antropina 0,5 %, Labovet, Feira de Santana, BA, Brazil) 15 minutes before surgery. General anesthesia was administered by an intramuscular injection of 2 % xylazine hydrochloride 5 mg/kg (Rompun, Bayer AS, Saúde Animal, SP, Brazil) and ketamine hydrochloride at a concentration of 50 mg/kg (Francotar; Vibrac do Brasil Ltda., SP, Brazil).
Experimental surgery for implant placement was performed as previously described [15] [16] . Then, the trichotomy was performed on the tibia of the rabbits, removing all the hairs from the area to be operated. A careful surgical technique was performed with an incision 3.0 cm in length was made on the proximal tibia just below the knee to the depth of the bone tissue. The soft tissue was carefully dissected and lifted with the aid of a periosteal elevator (Quinelato After the suturing were realized intramuscular pentabiotic (0.1 mL/kg, Fort Dodge Saúde Animal Ltda, SP, Brazil) immediately and via oral at 5 days postoperatively. Sodic dipyrone (1 mg/kg/day, Ariston Indústrias Químicas e Farmacêuticas Ltda, São Paulo-SP, Brazil) was also administered, via oral. Neither food or movement restriction was applied to the animals that remained in individual cages during the experimental period. All rabbits were euthanized by a lethal dose of pentobarbital (200 mg/kg) at 8 weeks after surgery.
Alkaline phosphatase analyses and nicotine/ cotinine detection and quantification
Blood samples (10 ml) were obtained from jugular vein and used to dose alkaline phosphatase, nicotine and cotinine serum levels, after eight weeks of surgery. Alkaline phosphatase activity was colorimetrically obtained by automated laboratory techniques using p-nitrophenilphosphate as substrate.
The major nicotine metabolitecotinine -was detected and quantified by Gas Chromatography -Flame Ionization detector (CG/FID, Chromatographer HP 5890 II, Capillary Column BP 624 -30 m) after solid phase extraction (SPE, Varian HF Bond Elut LRC Certify).
Cotinine (98 % purity (-) -Cotinine, Sigma) was used as analytical standard. The method sensitivity was 0.1 ng/mL.
Biomechanical analysis -Removal torque measurement
After the euthanized of the animals in eight weeks after surgery, the implants were carefully exposed. A reverse torque rotation force was applied to the osseointegrated implants, using a torque gauge (TQ 680, Digital/Portable -C/R S-232, Instrutherm Measurement Instruments Ltda), until rotation was detected. Peak values of resistance to reverse torque rotation were recorded in N.cm when rupture occurred between the implant and bone.
Statistical analysis
Alkaline phosphatase in each group was compared by Mann-Whitney's test. KruskalWallis's and Dunn's test were used to analyze the removal torque. Pearson's correlation test was used to observe the relationship among removal torque and cotinine levels. The significance level considered for the tests was 5 %. GraphPad 6.0 was used to perform all tests.
■ Results

Alkaline phosphatase analyses and nicotine/ cotinine detection and quantification
This objective to evaluate the effect of nicotine on the osseointegration process data was obtained related to activity of nicotine, cotinine and alkaline phosphatase.
The plasmatic levels of nicotine and cotitine were 0.5 ± 0.28 ng/mL and 9.5 ± 6.51 ng/mL, respectively. The cotinine concentrations were about twenty times higher than the nicotine concentrations. There was a high (Pearson test, r = 0.9413) and significant (p = 0.0015) correlation between nicotine concentrations (Figure 2 ). The alkaline phosphatase analyses in blood levels, in control group was observed 40.8 ± 11.88 UI/L and 40.75 ± 12.46 UI/L, for the implant surfaces machined and anodized, respectively. In the test group was observed levels 37.9 ± 4.84 UI/L, for both implant surfaces. No significant differences were observed between control and test groups (p = 0.402) and between the implant surfaces (p = 0.999) regarding alkaline phosphatase blood levels ( Figure 3) . 
Biomechanical analysis -Removal torque measurement
To evaluate the osseointegration intergroups and between the surfaces of the implants was used the removal torque. The torque values (in Ncm) used in (control and test) considering the surface of each implant (machined -right tibia and Anodized-left tibia) in the rabbits of both groups.
The Figure 4 shows the torque force for implant removal. No significant differences were observed in control group between the machined (25 ± 8.46 Ncm) or anodized (31.2 ± 6.76 Ncm) implants (p > 0.05). However, the treatment with nicotine induced higher torque than control in both machined (38.3 ± 13.52 Ncm) and anodized (35.5 ± 14.17 Ncm) implants, with p = 0.0024 and p = 0.0121, respectively. 
Correlations analyses
Considering both implants together (machined and anodized), no significant correlation was observed between torque and
alkaline phosphatase, nicotine and cotinine. Torque force showed moderate and significant correlation with nicotine (r=0.51, p=0.0012) and cotinine (r=0.40, p=0.0140), but not with alkaline phosphatase. However, the correlation between torque was higher for machined implants than he anodized ones, considering both nicotine (r=0.72, p=0.0005) and cotinine (r=0.61, p=0.0056). There was no significant correlation for anodized implants.
■ Discussion
The present study analyzed the influence of subcutaneous injection of nicotine in osseointegration of machined and anodized dental implants in tibia of rabbits. The results showed that low nicotine dose administration did not cause deleterious effects on bone healing and implant osseointegration, which is in agreement with other study [14] [15] . Cotinine levels observed in the rabbits after the daily doses of nicotine were equivalent to concentrations observed in light smokers (less than 10 ng/mL) [16] [17] , which did not, reproduced the negative impact of cigarette around titanium implants. According to Cesar-Neto et al. 18 subcutaneous administration of nicotine (3 mg/kg) three times a day, did not influence healing around implants.
Heavy smokers probably have high doses of cotinine in plasma at the time of implant insertion, however, other agents present in tobacco, may be responsible for the detrimental effects.
It was previously reported that daily nicotine injection to obtain constant and low cotinine levels in the blood does not influence the osseointegration 12, [17] [18] [19] , however, the objective of the study was to analyze if the implant topography surface can improve osseointegration. The reverse torque removal values are directly related to the contact bone/ implant interface, bone density, quantity of cortical bone around the torque after certain periods. There was no significant differences between the torques induced by machined and anodized surfaces of test groups in the present experiment, which is in agreement with others reports [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Likewise, no difference was observed in the control groups. Balatsouka et al. 17 also found no interference of 15 mg/day nicotine administered via miniosmotic pump in the osseointegration. Although no statistically differences between groups were observed, the results may suggest that bone formation occurred to a higher and faster extent directly on oxidized, but not on machined implants surfaces 12, [20] [21] suggesting possible osteogenesis.
Other clinical assays also showed better primary stability and secondary stability for oxidized surface titanium implants when compared with machined surface implants 5, 11, 13 . These differences can be explained by the interaction between growth/hormone factors and rougher surface topography that favor cellular differentiation and mineralization. This beneficial effect of rough surfaces in osseointegration has been confirmed by experimental and clinical studies 14, 20, 22 . In addition, low concentrations of nicotine showed a stimulatory effect on cell replication, especially at low concentrations (0.025 µM), it had a significant stimulatory effect on fibroblast proliferation 22 as well as in human osteoblast-like cells 23 , which could explain the higher torque necessary to remove the implants in nicotine than in control group found in the present study.
The level of alkaline phosphatase in blood is an indicator of bone formation 24 . In the present study, the low daily doses of nicotine did not cause significant alterations in the alkaline phosphatase levels. Previous studies have showed that the implant superficial roughness also did not influence alkaline phosphatase serum levels [25] [26] . The
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21
. This difference was, however, not observed after longer healing periods 28 , being similar to the present results found between anodized (35.5 ± 14.2 Ncm) and machined (38.3 ± 13.5 Ncm) implants of the test group.
More recently, Bain et al. 6 reported no difference in failure rate implants in smokers when compared with nonsmokers. They attributed the high success rate (98.5 % for both groups) to a roughened implant surface, corroboration by other authors 5 . It appears that the use of implants with an altered surface microtopography has the potential to benefit patients with risk factors such as smoking. In addition, it appears that smoking does not play a significant role in achieving osseointegration of surface-modified dental implants. Thus, titanium oxide-enriched implants may be more suitable for use under challenging conditions involving compromised bone [5] [6] . Further studies are necessary to define clearly the relationship between the characteristics of an ideal implant surface and the healing process. In particular, it is important to know the effects of local factors and hormones on the cell responses to the implant surface. This new information will help us to achieve better clinical results in implant placement in patients with continuing smoking habits and the impact of the implant surface is currently under investigation.
■ Conclusion
Subcutaneous low dose injection of nicotine during 8 weeks following implant insertion did not have effect on osseointegration, independently from the implant surface. 
